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Abstract of JP8129738 
PURPOSE: To obtain a magnetic recording 
medium having superior low noise 
characteristics at the time of magnetic 
recording and reproduction and fit for ultrahigh 
density recording. 

CONSTITUTION: When an underlayer2, a 
magnetic film 3 and a protective layer 4 are 
laminated on a nonmagnetic substrate 1 to 
obtain a magnetic recording medium, an ion 
implanted region 5 is formed in at least one 
among the underlayer 2, the magnetic film 3 
and the protective layer 4. The region 5 is 
formed in concentric circles or in a spiral 
shape or it is radially formed from the center 
toward the periphery. The magnetic film 3 may 
be formed as a multilayered film consisting of 
magnetic layers laminated with a nonmagnetic 
middle layer in-between and an ion implanted 
region may be formed in the entire surface of 
at least one layer of the multilayered film. The 
crystal orientation or magnetic anisotropy of 
the magnetic film or the interaction between 
magnetic particles can be controlled without 
forming a texture groove on the substrate. 
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[flt*«3] «HB-f*viT*>ii***ttiai4'.n*tXB: 

ttMBMfttt. 

»tel«I*»5*fc*t*-eab« ~ k Sr#@ti:i-5^*3S 1 xf* 

[»*^8] JM^^m&iWg&ttC r, Mo, 
V, Ta, Pt, Si, B, Ir, W, Hf, Nb, R 
u, Ti, O, Ar, Kr, X e 7C^<Dtf A><bm\-£ilZ> 
&t£ < k 1> 1 «BI£)l±(05c*Sr^-C * S £ t k 

-rzm&m 1 ~ 7 co^-r *xa> 1 ^E*<&88ME»8E(fc, 

Cr, F e , Mo, V, Ta, Pt, Si, B, Ir, 
W, Hf, Nb, Ti, Ni, Co ORXf1k±m7i.m<D 
+*»6»tf*t5^*< k t> 1 aSWJTnSUXWtft^ttSr* 

1 ~ 8 Wftlti* 1 ^SB«©««K»8S# 0 

[flt*« 1 1 ] MET JM&C^tttt«^ C r , V, 
W, Mo, Pt, Pd, Si, Ge, B fi*bMt£tltz'J?- 

b45:t*»Si:t5ll*S2, 5, 6 Xli 7 fEifcco 



3ftxHt*ftK«a*-*-* - k &&mk-rz>m*j% 2 , 
[ts*«i3] mewsttAi^T i , ru, co^i 

^tU :tll:Co, Ti, Ru, Hf, Ta, C 
r, V, W, Mo, Pt, Pd, Si, Ge, BfabM 

\-zfiit'pta< k h 1 mm&stfttffi&mikxte#£k'X 

«3t©«*rd»&*5r. i£«MS:i:-t-3fi!#]gl 2fE«<£> 

[IMBS 1 5 ] linBTJMMttttniEttJItf c o , T 
i, Ru, Hf, Ta, Cr, V, W, Mo, Pt, P 
d, Si, Ge, Bfribmtiti1t'>t£< ki> 

M#m 1 e ] iBttK^^atWKici&v 1 at 

tt«taV«R*»fo*v^«o*2«ffiBt©**< k t> 2® 

1 7 ] mens 1 m&m<nmiu&MmcM ur 
m** 1 s ] m&mtiffimm&izmi< ^w<nm 1 st 

8trlS^2«ffiK^S«ffifc*fL-CSB:^r(S]^JK 
f*7|2«cDSI^|Bit^^, 

[t»*« i 9 ] m&Skt^mmwsL\zi&.\ ^101 1 « 

ffl&Rt?msiti*tbm^M<DM 2 6£ttlgco^/i < i: t> 2 A 

fe « *) , «ris^ i «t^&t5^ 2 effi^*ss*satcs 

5. 6Xri7|B«ro8S$i;iB»«fl:. 

imxm 2 o ] i ~ i 9 ci^-r fta* i jstcis«g 
[o o o i J 

[0 0 0 2] 
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m. s«is«*2v^*#-a-i3*<5*i«iiK«Eft:b-c« 
#>ic&immm<om&&m< u §sM»3koe 

ftfc«fc«m*0>#Gb/ i n 2 ^--^<Oii5*«ffiE^iB^ 

[0003] mMMMit EMfeftiEK 

Ttt. Co-Cr, Co-Ni, Co-V, Co-Mo 
^^t-TS^lCTa, Pt, Mo, Ru, Re, F 

e, Rh, o^i^S^^S^)Pb3t•a•^5fflv^p 5 ^^-Cv^5 0 n 
flf>Co^H:^ffl«M (hep Wig) Zbh. 
z. <D'&&<n c «u < o o l >#ft icSfrfbgaWitfSfc 5. 

10 0 0 4] Brt«Stl5®aEflsri, N i PtllfcA 1 

&m&±\cmm<D c o 6-&wBt&gj$ l-obv* mi*. 

ffirtgHft-CW:, WIHCo-a-^fl«4i^AcDc(ltSr*EffiF*3 
^fi:^ (bee) ^M©C r*<DT*Jl«r»J*U 

[0005] mmmssB.&m#tt. n i psil^a i 

<ru-7?u—yt£ ? -y 4 SUA.** tfcnftm 

t4ss±icfj^co c o &&mm&te&L b-cffl^bjxs. 
seia^-ew:, Kstiaatbfc^t^gsfta^ff^w 

(d, SfrlBCo-g-^«H4)Bft«z>c«SrS«ffitcas:^ilSffi 
©he p«itcDTifig, XI* S i, Gefcifro^NlfCT 

^tt»!|E)-»^^ta(t5^rS^ IEEE Trans. Magnetics, 
MAG-15, 1456(1979)0 "ft&gjj&mz. Z. SSESSStiE 
^ (Perpendicular Magnetic Recording with Composit 
e Anisotropy Film)" tm-rZ>%»-X\Z.%m.&ftX^Z> a 

[0006] u&m^\zmi%mfc;j xmmx&m.<D 
8i# Mikm&mm oMarae**? hf^m<omm.m 



TV^^ftiLTIl. (1) CoCr|^fC» 

c r zmM,nmzmmis&xmmb*m<omf5.titmKft 

m&'b£<-tZ>%m. (2) y V^^OJE^J 

SrfflfP brffif3tSiJ»ffl«>Tfl6S-^«ttlSSr^«Wtmiz: 

£ < 0!l±«C o C r tt&MWgk<r>mZ-C r 

CD i 5 mR*K»**#ttaMe*3*iT^S. 
[000 7] 

[»W*»*bJ:5 t-TSSRS] SGb/in 2 ^_L<z> 

xmskommtftz. 

[ooos] mtts^xeMtoizibteVKLmtBi 

miat^xfikMjjifii&T u mft&m$sm\£&&t $n 
s 2 k o e uii^iss^^jcojim^HSiffcs. 

tcx * xi-fm*Mj&rr z> z. t # < 

Ciot, Bmffift?5£bfci:ttfft;fc{£y^X4$tt& 
* biSiSflBftlB*ic»i8*«SCIB®«SE^Srffitt-r5 r £ 

[0 0 0 9] 

[0 0 10] *^MIC*5^T(4, ^a^SSitC 

T«6®, ^«ttS*^bfc«»:W«ttaSafctJf»S^4ra 
HbT/£5WiaiHfiaK«:ir*3^r, S±S£l^cD'>*< 

fei&*WRfcj*j& brt^tt^ei^o^ffi^cojitRS^rt 
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(oo 1 1] s( *>nib% ! &mmz¥rib&zt-f 

Cr, Mo, V, Ta, Pt, Si, B, I r , W, H 
f, Nb, Ru, Ti, O, Ar, Kr, Xe7C^CDtp 
frbmttixZ'Jrti: < b is 1 Wmk±.<D5tm t ■* Z> d t & 

Bltt, Co^M^iU, rniCCr, Fe, Mo, 
V, Ta, Pt, Si, B, Ir,W, Hf, Nb, T 

i , n i , Co ojkxj-ft±m7tm<»<$>frbm\-s.i%z>'pt£ 

#S{ras-T5#^. *attt«r*ra— «aj*t-4--si tt> 

[0012] m&mvmit&Mm*. mmm^M^xw- 
m> b< nmw.t u $>sv^tt#JnattK«o»-g-icfi^ 
i « t m 2mu&<Dmi±m<DmimMmm®.m^*t b 

[0013] m'&fflfflme>Ti&mRxj&¥m&.mi-&, z.<n 

#11-5, mtUiCr, V, W, Mo, Pt, Pd, s 

i, Ge, Bt>*bmt£tiit'pt£< ti> lwm&^ttmfo 

■SVMiCo, Ti, Ru, Hf, Ta, Cr, V, W, 
Mo, Pt, Pd, Si, Ge, B*>k)it*txfc4>&< 
b is 1 MM Sr-^tf A*S*a&te^«i^ Xttifo&Sfllit© 

[0 0 14] 

[fftfl] (he p) «&<Z> Co 

Oc|*Kii:*»ftlSilfftJl*ltttU ffirtOtftlB 

BMKff:MCc««SKiBic9nS|lDSit'&. *t£«J*Mi 

v>5. 0Hx.iiC r^^ifro^ic*-^ (b c c) « 

aw>T«»M;, - ©jbic»*i-* c o &&&m&mt§s> 

-£-&fti?<Dh c p«jg<OT«6Hli, rcD±K^fi&i-3C 
o X^atf±«mA<OSitGMtt^l»A«««rft!l«i^-S 



[0 0 15] ^f^>-tr*>5i*.tt, ft-*>fc**i.fc«*£K:« 

[ooi6] miB«iffiR», ffi&im&ifti,x&mtzm 

p>{cb i s a «>aM!fe«©±ic*atttJi*^b-c* 21s 
a»©«tt«sr»iar*Ki!ibr, tnefli 1 m 1 wsstt 

#<8ttJl Sriff b TlR 2 J§ g OKOfllffiKUKAt- Sit 

SCtms. £iUc£9J|!lJIH«>m£lU:J02« 
*tc^«ttSS:^br^l«ffiBi*^^2«ffiK£AP*Sr 

[0 0 17] ®t*9lBl«a**fcTJlW«ttS<Z5^® 

JiSr^bT«tttJi«r«Ji-r«r4:»cJ:0, 2®<D^ttS 

KiiSi, TS»»teS*sSrtKtS)b, Z<D±(DM&m 
«*SiKE|tJbfc, SS^W^bl-3ibfc#««ffiK«r« 

[0018] 

gKKBU 2 X 1 0 _7 To r r -CSMSb 
fc. «V^rWR*2 SCCKaffljlb-C, fiSttmciSit*J 
»I i: LTSJ 5 0 n mfOTti 2 *^ Lfc„ rrt? 

ttc i ZTmm 2 b isxm^itMx-titm-t&tK c r * 

m&ftb b-CmJCV, W, Mo, Pt, Pd, Si, 
Ge, B, Ru, Hf, Ir, Re, Ti, Ta, Zr 
&<!?<£>7Eig£:0~2 0 a t %cof6HT-^AP bTfflv-S r. 
tt^TfcS. Xi^lHl5f)fe-caiJ3tbfci:C^>, ±ET 
ii2«mMf (bec) «Jg?rWb, ^<Dj&g 
*fifc«< 1 1 0>fcb<f*< 1 0 o oTt. r 
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§4i LTBWl 0nmO*-#y|g[«Lfc 0 

[0019] *mmmx\z. -f *^iTt»a*©s**sr« 

^SfcabK, !fc0 4SScD!K^4:^fiS;Ufe„ loft, B 
1 (a) m»B5»H**-j-J:5»c, SIR 1 oXBlcB 2 

a«l-hKiTSMi2Sr»*Ufc«» T 

j&ji 2 ro^s^n 2 cd t < m-t-PiVXDj ^nh^ 

««5Sr»ritU r©±«c«ffiK3 % &t)t»SS4©|g 
»n»rti,fcjH;{t:B-e*>-5. aoiooittii, Bi (c) 
»cWfBfl»H*iPi-J:5K:, SK 1 -tlcTttiS 2 , B&ttK 

Sr»)*LfcMC«:C-Cfc«. JfcigEJS i LT, SIR, TttiJl 

[0 0 2 0] S2C*Lfc>ftyfr*)ii*S*B> 8WI 
0. 1~1 MmldHX^Ufe-r^-ve'— ASr±ISP3IS^O 



~2^mtL.fc. 4 *>tt*>&frffl&<om£ 

-Cfc^o **MS0!lt?W:, *D)$«E 1 0 0 V~ 3 0 k V, 
If— A®jtt 1 /* A~ 1 0 mAroteffl-CHftSrfTofc. SO 
^mjCdS 5 0 0 V£AT-Ctt-r*ViT*)ai^ro3b*!i^/i 
<, *fc2 0kVK±-CttfW«B*»inXS*L, Dfla-as 

[0 02 1] fl't.ii^'f t^t LtB/f ^-V^r 

fflV\ -Y^fc'— ,/»<£>*Dj£®IEl 0 k V, tT— A®flE5 

o ^ A^^-e-r^^fi-^ii^issr^Lfc^o^ 

»OHa^©fi«AHc (9) t^^faOfiMStfjH 
c (R) -C*f. *ffiR3Ht, Co££j£#i:U rix 
|:Cr, Fe, Mo, V, Ta, Pt, Si, B, I 
r, W, Hf, N b , Ti, Ni, Co O.K.t*fBr±3S5c 

"T?§\ 'ri?liCoCr ls Ta 6 , CoCr 20 Pt 12 , 
r 2oP t i2^ a e £r^lV\ K?2 0 nm t L 

[0 0 2 2] 

mi] 





CoCr lfi Ta e 


CoCrsiPtj* 


CoCraoPtnTafl 


He ((9) 


He (R) 


He C£) 


He (R) 


He (<9) 


He <R) 


m # a 


1860 Oe 


1720 Oe 


3270 Oe 


3020 Oe 


2860 Oe 


2640 Oe 


fit <* B 


1930 


1610 


3450 


2880 


2930 


2440 


ft* # C 


1950 


1570 


3470 


2790 


2960 


2380 




1625 


1620 


3120 


3100 


2560 


2540 



[00 2 3] S& 

*>ji^^->at b-C«, BgAfl-lcfc, Cr, Mo, 
V, Ta, Pt, Si, B, Ir, W, Hf, Nb, R 
u, Ti, Ga, O, Ar.Kr, X e #i'<05n^. X 

%-4*>nk LT2S£l-h^7C^4rfflV>5m#l-(4, # 
**fc<a-f ^-VSSr^ LTDlX JtH' rf-V f- A£ffr& LT 

[0024] c*^j 2 ] mmm 1 1 h*©*^ 9 v 

&©4««©8tfl£*rffr£Lfc. loli, 01 



tr*i2, max 3, Rxmmm4<Dm\£Mf&vtLm 

*AA-i?fc5, 2ofeW^i^ Si (b) izWrffiV&m 
Sr*i-.t5C S«l±l-T*®2Sr^b^, TitS 

s 2 oD^ffi^n 3o^i< few^tC'i' *>tth&z>~mm 

IftBBT-fe5, 3ofcOl*li, HI (c) (CE&rffiRg 

^tt^3wsffiicm3(Drrt <«c#t^ic-Y^-^ 

5 Sr»J«U CW_ti;r{£&Jf 4£Jgj&L7t 
Ifi:CCT?S>5„ ItKeffltbT, SIR, T«JB&t«Btt 

[0 0 2 5] H3^^Lfc^^-VlT* J ^'gg^5(4, & 

460. i~i MmjcuxmLfc-r^^e-^sriteR^ 
i:#lcittEn««>ia*s«t««Cf**iKn«Sria , t- 
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[0 0 2 6] $2(t -mt LtSfil^«¥^N i P 

ma i a«srJHv\ rmm 2 1 l-cc r - 1 5 a t% 
Ti^son mm. m&m 3 1 LTS»fc« i £ mm<v c 



oC r 16 Ta 6 



20P t 12 , &U*C o C r 2D P 



CoCr 

t 12 Ta 6 J:lI|2 0nmMt, ^tVS<f:ltCa 

[0 0 2 7] 
[*2] 





CoCr l6 Ta fl 


CoCrzoPtit 


CoCraoPtuTao 


He (0) 


He (R) 


He id) 


He (R) 


He <0) 


He (R) 


**<*AA 


1730 Oe 


1870 Oe 


3010 Oe 


3260 Oe 


2650 0e 


2870 Oe 




1620 


1935 


2870 


3440 


2430 


2920 


tt»CC 


1580 


1940 


2780 


3460 


2370 


2970 




1640 


1630 


3025 


3010 


2540 


2530 



-tnu:!), mm±\m^.vitTws^>m 

[0029] crnst^m mmm it W8.<n*'<vt> v 
^^BSrfflv>r, 04 (a) ?<c: x #8Si4Jf 

fc, «EflsD(D#5!ilc:afcor«, g¥ra*4«LfcN i P 
$1A 1 l 8SffiR<0«ii«!l«I/BOT»S 2 

iltCr-15at%Ti -£-&Ti&@ 2 SrJKJ? 5 O n 
m^lSLfc,, X|»|iIl>fj6T?aSbfcili*, 

bcciMf u (ioo) ffiasSSffitcWrlc 

*>lT*>&3.$MsE5£, H2©=Ti:<iai'£>P3«tK:»J«U 
fc. i OT&JI 2 <Z>_ktcS? 1 J&t£BI 31t LtRf 1 5 
nm©CoCr 18 Pt 12 ^M«U *^-CTHSJf 
i^«(OCr-l 5 a t % T i f> * 5 Ml* 

2nmO^14Jl6^fiicL^ 0 giSgtWC, #6£«iJl 
6W±(C^2att)^3 2 t UT»lB£t£^3 1 tl^Cm 



t©C oCr 18 Pt l2 -g-&M£KJ5 1 5 nm^JtfcLfco 
^■r/u6t^SLTV>fc„ iCD±KlgJ¥l 0 n 

[0030] ttmntctbiz, 1214 (b) ©rrt<, Tifi 
2 sstejgs 3 2 „ Rxmms 4 i**m*u& £89 1 1 kibj 

121 (a) tl^CtCL^o *1. I2«ttlg&t;«tti 
[00 3 1] 5SIC jtes<Dfc j@¥jf#ya LfcNiP 

$ia 1 mm 1 w±ic, e£tts^»«itsui?ffiwr«fi@ 2 

atCr-15at%Ti -&&Tfl&Jl 2 5 0 n 



(b) KtittSfRlBS 
ttltiCffl^WCoCr 18 P t, 2 ^I*^45*- 
ScO«ffig3 1S:^U C(D±lcRI¥lOnm(D*- 

tt. T*S2 0±{r3Hf^*v-Y/V6<3^gbrV^. 
[0 0 3 2 ] 3?3K V ±fE3«lgcDj&#:D ( E, F <D& 

^IHgfe^S 2 0 k F C I (FCI:Flux Change per Inc 
h) , 1 0 0 k F C I RXfi 2 5 0 k F C I ^C-o^^T^To 

[00 3 3] 
[313] 









W*F 


He (0) Oe 


2890 


2850 


2910 


He (R) Oe 


2410 


2840 


2915 


XI 


20 kFCI 


0.5 


0.9 


1.5 


100 kPCI 


1.1 


1.8 


2.7 


250 kPCI 


2.3 


3.2 


4.5 



[00 3 5] r. C-meffiBW* 2 SW&a-Srfiailcaw U 

fc*s, jKtt^3^a±(r#g^L--ct>p^o?gj^:^t 

e>*v7fc. #B£t£Jf 6 <k LTkt, Cr, V, W, M 

o, Pt, Pd, Si, Ge, B ^hMtiilft^j: < t 

1 1 mmotmi-stt. b c c , t c c xti^ssraiis 

[0 0 3 6] 4 ) HiSW l t wmo>*'*y 9 V 
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#7^SSl^l(:If5 0 nm(^«ig»J«I^C0TittJl 
2, mmi 5nm^)|lW3 1 4rW«k»* Lfc c * 

gte, Cr, Mo, V, Ta, Pt, Si, B, Ir, 
W, Hf, Nb, Ru, Ti, O, Ar, Kr, Xe4 
if&Jfl^SCL i^tS. ^"Cftl k e VUliPiSLfc 
Ar^M$lIttl3 l^ffi^flttlJIMtLfc. jgg 
l^TrtfM'tf-^flBttJB 5 5 0±(^lgJ?2nm(D»ttl 
6, mmi 5 nmO$2lffi3 2&tflBiJ?l OnmO 

[0 0 3 7] T»l2i: LtC r - 1 0 a t 

%V^&»R£. $lM31i:LtCoCr 18 Ta 
6 ^»K«T, ^2^ttJK3 2atCoCr 20 P t 12 

S6lclWffll6iLtTi«i2iRli:c 
r - 1 0 a t %V^»JR*fflV^«HciJ:9SftW-r5 0 

fll^fcjfc** il^tl3 l^T«6S2<D_blc^tf^^ 

m 6 A«jtcjss Ltv^s r ^ as*ts* 

^^ofc 0 92«ttR3 2(Ojgttei(ott{i: 

»£«fttttt l «fflBS3 l ottttttAoOt^AWlc^U 

[oo3 8] it«^^uT> mm<D*'<v*vxyms 

*rJfl^T\ B5 (b) KWflMM8*r*W-J: 3 
®E 1 (D_h(c^jp: 5 0 nm<Dffi&$mm<VC r - 1 0 a 
t %V^-^Tife® 2, JKV1 5 nmc7)C o C r 18 T a 6 
^4JtfltJ^&tt«ftlftttR3 1, JSf2nmOCr- 
1 0 a t % V^&^flSttJi 6 , ffiJ¥ 1 5 n mCOC o C r 
2G P t 12 ^»^^/^$2iM3 2»tflWl 0 

*mwm\c x 9 p^fci**, m i 3i, « 2 tfstt 

§32 H£ftM±J| 6 Lt TS&B 2 C0±^m tr * 
t^WMSLtfc^ *&^Pa«tttBS3l f 3 2 (Dm 

X<Offi*MIit«Srj»|afta5fl[ 2 0 k F C I , 10 
0 k F C I RZf2 5 0 k F C I tCOl >T?To fc^**:^ 

[0 0 3 9] 
[*4] 









He ((9) 0€ 


2870 


2890 


He (R) Oe 


2880 


2875 


in 


20 kPCI 


0.3 


0.9 


100 kPCI 


0.9 


1.7 


250 kPCI 


1.8 


3.1 



[0 0 

LTSB 1 BSffiKfcffS 2 J8ttK©«^^ttSrffi 
fll*<B*rti:8**><5 £ £ £{j|fg Lit, 

[0041] mmm 5 ) njstsi 4 1 * v 

7^ISl W-kJCC r - 1 Oa t %V-g-^»)R*»e)*S 
if50n m0tt3HW*JBe>TJMI 2 Srjgj* Lit, iffiV 

Sr. i2 0rt<|S|-£>H«MLfc, rwTiftSilc 
f5l8£tt^3 1 tLtlf 1 5 nmiDC o C r 18 T a 6 
&&mi&&Mf8. Lfc. ftC, :itf>SnB£fflBl3 l<£>3tffi 
tciSMX y * sue i o T-HStcgy^Jicof 
5 5«Lfc. ^f*yltt- 1 k e VKMtUiAr 
-f *->-£-S&lB£ffiK3 KO$ffi^«;MtLfc„ fB^T 
r. <D4 3r>ffl.ttimi 5 5 <£>_htd^J? 2 n mCO Cr-lOa 

t % v-g-&}$Eia> <b tzzftomm 6 , C o C r 2D P 1 12 

fefc3«J?l 5 nm<£>SB2 8£teBi 3 2,&tflg| 
J?l 0 nm©*— si?>'«»Jl4S:)lB3!fc^Ufc. 
(0 0 4 2] JtifcWfcfetC, StSl. Tift® 2. SUSS 

its 5 5<Dm&bmmm*mt\cwLfe\^x* us (a) 

JKffl, JJfctfHS (b) {C^LfcjK^HWfiMK^jt, 

g20kFCI, 100kFCISD ! 250 kFCIlC 

[0 04 3] 
[^5] 
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He <60 Oe 


2890 


2870 


2890 


He (R) Oe 


2475 


2880 


2875 




20 kFCI 


0.3 


0.3 


0.9 


100 kPCI 


0.8 


0.9 


1.7 


250 kFCI 


1.6 


1.8 


3.1 







mam nffli^ t>^m.temz#m& 

ff*ftt»t>»it>SJ:5fc*Jilc«*L.fc|IE«cjHt. ttft 
iE^S£#t£ 5 / 4 X<nmm<DViMmWYl \£tt 

>mms t #m&mx&mi,x£m \zmat i 

[oo45] mvmei wsmi tmm<Dx/<v*y 
>rmmzm^x. H7 (a) tc»f®B&0**-t-#s« 

(4, #9*£«lCD±t£|gJ?3 0nm<O18^JWBcOT 
i§2, If 5 0 n m©f 1 «)tl 3 3 L 
fco Tift® 2 (£14 hep tfligcOT i-lOa t %C r 
&»lg£rJBV , >fc;aS, Co, Ti, Ru, Hf, Ta, C 

r, V, W, Mo, Pt, Pd, Si, Ge, BfrbM 
tth,fcd>fc< fc t> 1 ^gSr^tpA^9He*jtt> IX J4# 
SIT«jt»«-WSrflii/^wi:t>-e§rs. SfSlS£ttBS3 3 

tbTI4, C oSr^5J-i:i--5h c p«jfcoc oS^ 

»Bt*fflv\ ^3USfi»J-CJ4C o C r 18 T a 6 

fflv^ 0 rco^i«1±M3 3<oSffi(c:iJ*^^-y^ 

fco f^VStitt, Cr, Mo, V, Ta, Pt, S 

i, B, I r, W, Hf, Nb, Ru, Ti, O, A 

r, Kr, X eftifSrffli^SiiriS-C^So :cttt 

0. 5 k e VicMmt-tLKT Jl-^&miM&mS 3 CO 

[0 0 4 6] ^V^> COM *Vfi8#tJl 5 5cO±(C)gJf; 

2nm©«ttf 6, KV 5 0 n rnCDfg 2 SSffiBI 3 4 S. 
Ximm 1 0 n mCO*-/KV^S@ 4 SrNSifclSfiR Lfc. # 
SSttJf 6 £ UTI4, Co, Ti, Ru, Hf, Ta, C 

r, V, W, Mo, Pt, Pd, Si, Ge, BfabM 

S»»iftco*ti^Srffiv>S. cr-C(4, h c p^itfiOT i 
-10 a t%Cr*A#R$TfflV\fc«lC±0RWi-.5. 
SI 2 M&m 3 4 14, JB l 3 3 t #t& SttUfttOtTO 



CCoCr 18 Ta 6 ^&*flte/flv vfcWc J: DRM-*" 

So 

[004 7] x«@ffi£ J ?»8E{*W®coaiBS^®»&#i 

* 1 W-Vm 3 3 f4TifilJI 2 cO_kl£, ^ 2 JKtt 
K 3 4 f4#8H±® 6 <D±\C%tl ; eti=- \£ 9 *r*s*{>v1frXc 

^surist), h c pmm<omiATfm2mmg(Dmit 

[0 0 4 8] JttJEcOfc^JC, HI 7 (b) cOi*t<, #7 
1 <D±icmm 3 0 n mCO«itSiJffllfficOTJtte 2 , 
8IJ¥5 0nmc73ffil&ffiB|3 3, H»? 2 n mcO#BH4S 
6, filffS 0 nm<OfR2S£tt^3 4,K.lflBU?l 0 nmCO 

cO«"J|E|-m^i4±iacOjSEfls:K fc 1*1 Lfc 0 
[0 0 4 9] w<0«Eft:Lco*jtSrX«6lsISffe^ft:Wfffi 

©3Siiam^ss»^««j-«j: t> m 1 «ts^ 3 

3 tm2m&m3 4t4, ^is@6SrifrbrT*®2co 

Jitraif^dr^^/^^SLTfct) , h c p^igeD^ 

JMURottJK, isi«ffiB3 3kffS2mmgt3 4tt. m 

[0050] Hi^Jtgecofcfefc:, El 7 (c) corT£<, 

^7^.S« 1 <0±td^J?3 0 nmCO«jg©J^lfflCOTfl6^ 
2^^L, r©iClf 1 O O nm©«M3 3Xt; 
mm 1 0 n mco*-*f VftSIS 4 SrJlDc^fig L^mgco 
»ffi«*»e>**«E«M«rfP«Lfc. CcoiK«:coT«fi®f4 

mm#i<nc*5rt zmim&mtm ccoc r 18 Ta 6 -a- 

[0 05 1] wCO^Mco*itSrXi|g[Hl«ffe^fr»fffi 
coSiS®^-K«««lS^J: fJll^fcig*, 8S14M3 3 (4 
TflWf 2 (D±.\cx- W df.->-r/u6<J(-^S LT*5 0, he 

P m&nm&m 3 3 oatrcsAMo c «f4S«ffi{csis 

tCgarnlb-CV^Co ^6(C, _h!5 3a!lScO^K, L, M 

©«SiI*l*IOfi«AHc (IX) t. m&n+w 

ifc£ri®!Elt&ft 20kFCI, lOOkFCI Xt/2 5 
0 k F C I (coVN-CfTofc^mS:^-r„ jKtfeK^cosp^ 
»Sf4*SEm^»«SftaiSl^ J: 9 #«>fc„ 

[0 0 5 2] 

[^6] 
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H c (Sit) Oe 



20 kPCI 



100 kPCI 



250 kPCI 



1890 



15-32 



0.5 



0.9 



1.1 



1910 



26-47 



0.8 



1.3 



1.8 



1915 



35—56 



1.5 



2.3 



2.8 



m-exm its i m^mtm2 mi$im<nmim%*b*m 

«i:RWLfc*, ssffiBi* 3 s«±ic#g^ ur t> mm 

[0054] xiKm tmmnx/*** v 

^ymw&m^x, ms (a) icwffiis&iasr^-r^Be 

tt, #9^I«l±lC«f50nm©*»lll»ffl©T» 
JB2, B9¥l 5nm(D$llttl3 1 *W»C*«bfc. 
T^S2iCfiC r-1 5 a t %T i £-&Ti&Jf 2 

fc e :^)TMlibccM^tU (ioo) ffi^s 

«ffifc¥fr{CEfflb-Cl*fco IlM3UlTCo 



WteSffioStcWTf-ErP] LtV^o r<Z)SlIt 
R3 1 (0*ffiUi-*lcjWK^»<0>r ^-^BRWJl 5 5^ 
J&bfc 0 -f*^»CWt^ Cr, Mo, V, Ta, Pt, 
Si, B, Ir,W, Hf, Nb, Ru, Ti, O, A 
r, Kr, Xe/^4rffll/^:^^#§ 0 ::"C(i 
0. 5 k e VlCjJOlUfc A r >f 1 «ttlg 3 1 O 

[oo5 5] x^mztms 5<D±tzmm 

2nmO»|6, Kff 7 0 nm^2M3 4^ 
t;U? 1 0 n mO^-^yftSf 4 $r«^M Lt 0 * 
8tti6fcfCtt, Co, Ti, Ru, Hf, Ta, C 
r, V, W, Mo, Pt, Pd, Si, Ge, B^bl 

&tiit'>te< t h i wm&^tettffi®mmh b< 

*^*<0*m*rfllv*S. rr-m, hcpfflg^Ti 
-10at%Ru*«»^fc 9 % zmtikWk* 4 fc 
«U C o C r 18 P 1 12 T a 5 -g^JRifflV^fco 

[0056] xm®mmtmmm&<Dmj®n*m®kmm 
grnm^tt t^z, ±ia^«*ts 6 r± h c P m&<n c n 

v>-c, *oatft»*«ittB[ffiaii:*ift{c:ErRib"Ci^« 



Eiftbfc*jB»iiiiB^e>*o-cv^a 0 

[0 0 5 7] lt«Ofc«>^. 0 8 (b) 0^i;<> SEi 
l±{dh c pffiig<£>T i - 1 0 a t%Ru^»?) 
&5KJP5 0 nmCQTi&Jg 2£t^/t£U rOiildC o C 



3 3, T i -1 0 a t%Ru^»B^4W2n 
m^i|4i6, CoCr 18 Pt 12 Ta 5 ^|lH 
teZ>mmmm7 0nm^2W3 4RXimmi On 

m<D*-* 4 &m9a&tft \^tL^mmmmm(o 

«E*OSr^rtbfc. ^©«E«eOtt, #l«fflR3 3fttK 
IK 2 tttfiR 3 4 dS#«ttJB 6 Sr^ Ltmi 2 (Diidai 

e*ffigi3 4 t>«{b«««iwtii!ffi*at*ifticEreibT^ 

fee 

[0 0 5 8] * &fcJt«<0fc«>i^ 0 8 (c) <D^t 
<. SfililCh c pliigCDT i -1 0 a t%Ru£-& 
J»JR^b**W»5 0nm^T»Jl2*r»rtU -<Z>± 
(-C o C r 18 T a 6 ^iR^bftSRI? 7 0 nm<£>8£ 
ffl^3 3, RXfmmi 0 nm(0^— sKV«M4«rlOi0C 
»*b^*Ji»ttl^a<ojKfl:p«rfp*b^o 
P COW&BI 3 3 fctTiftJB 2 <D±t£^ \*f*is*/]s(fyKiiL 

*Lt*9, «ft«*«wtBtffiaK*rti^Eiaib-cv^ 

[0 0 5 9] ^7(C. ±IBCD3®^(7)^ft:N, O, PCO 
■tffiSitt*l«^»«*Hc (SO fc. JMBMAlO 
0 k FC I fcdSttSSdlittW («**«o«flEicr«s* 
It*) . atWE»W*bfci:#©W*y>fX©«*MtJt 
IfcSrJMEftBS 20kFCb lOOkFCI Jtt5 2 5 
0 k FC I fc:o^TtTofc«**^t- 0 

[00 6 0] 

[1*7] 







*K*0 




h c mm) oe 


1890 


1910 


1895 


pvpp 


36 


15 


10 




20 kPCI 


0.4 


0.7 


1.4 


100 kPCI 


0.8 


1.3 


2.2 


250 kPCI 


1.0 


1.7 


2.6 


lo 0 


d 1 J * 7 a 





Stf, S2W£N0M^JMi*lffiftraMlcBl«ilL 
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[oo62] mmm8) W9\z* m&mu>*tb7(Dm 

rro^seta*^W^«^s' K6 20 

w&fj*? 6 1 K*i~r steer*, 6 3 

i:W^3-f^t-3'6 4(a!)i»t5. SfcKlift 

e>ft«i»-*-*fc»KE»H4ia*6 5, &c%tti§nB6 

[0 0 6 3] 
[ISoW«M] 

im 1 ] >r*^*rt>a*ii*SrK»tfc«««B»iit«:»- 



[122] 4 *>n%&*m®Mmm<z>-2mw<n$i9i 
0. 

[0 3] *viT*»3i*«|lj0griHSfe©ffi©*lt«©«M 
H. 

[04] -f*>#t>»*«*'*Rttfc#JiBrt#*e«k 
[0 5] ^*vJTt>&*«*«rH»*fc*JiKrt^e* 
[16] ^^}T*>&^I«£Ritfc#JlSrt«^iElg: 

[07] -r *><iTt>a*.«i*arK*tfc#Jiaitt«»aB» 
[0 8] w > 4-^irt>i&»fm»Kitfc#mmM0» 

[0 9] tt«eftff£3SB«>*3H. 
[##olfc?u] 

1 -Sfc 2-TJMK 4-(*Si, 5- 

-f^-vfTt>a*««, 8-#wMk si, 33-jm 

Wttlt. 3 2, 3 4-ft2flM£K, 5 5--f*VJWt 

6 5-SB»S^0Kx 6 6 - -&Hft»lH]K, 
6 7-^y?-7i-^|iJ« 



[01] 



[0 2] 



[0 3] 



<a) 8K*A 



{b)*Xf*B 



[B6] 
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[114] 



[05] 



[0 7] 




